INTRODUCTION
============

Amyloidosis is a disorder characterized by deposition of amyloids or fibrous proteins consisting of low molecules in the extracellular space of tissues due to abnormal protein metabolism. Amyloid deposits can occur in various organs or tissues with widely varying clinical features. Although amyloidosis in the gastrointestinal tract is not uncommon, it is difficult to diagnose due to inconsistent clinical features and endoscopic findings. In addition, amyloidosis localized primarily in the small intestine in the absence of underlying disease has rarely been observed. We report here a case of primary amyloidosis only in the small intestine in the absence of any other disease, as well as a review of relevant literature.

CASE REPORT
===========

A 62-year-old man visited our hospital with complaints of epigastric pain, nausea, and constipation which had started several years ago. According to the patient, these symptoms began to worsen 6 months ago. Abdominal CT conducted in another hospital detected an enlarged lymph node that was found to be improved in a follow-up examination performed 6 months ago. Except for this finding, the patient\'s history was unremarkable. Regarding the patient\'s vital signs, his blood pressure, pulse rate, respiratory rate and body temperature were 120/80 mmHg, 70 beats/min, 16 breaths/min, and 36.7℃, respectively. A peripheral blood test showed leukocyte, hemoglobin, and platelet levels of 8,300/mm^3^ (granulocyte, 64%; lymphocyte, 26%; eosinophil, 1%), 13.3 g/dL, and 236,000/mm^3^, respectively. A serological examination revealed that levels of albumin, total bilirubin, AST/ALT, ALP, and BUN/Cr were 4.0 g/dL, 0.33 mg/dL, 23/23 IU/L, 64 IU/L, and 7.0/11.6 mg/dL, respectively. Urinalysis did not reveal signs of proteinuria.

No abnormal upper gastrointestinal endoscopy findings were observed in the esophagus and the stomach, however, elevated lesions with central erosion were found on the third portion of the duodenum ([Fig. 1](#F1){ref-type="fig"}). Colonoscopy did not detect any abnormalities. Abdominal CT was conducted to assess the previously observed abdominal lymphadenopathy. With the exception of an unclear, hazy appearance of the ventral mesoderm, no abnormalities were detected ([Fig. 2](#F2){ref-type="fig"}). Push enteroscopy to examine lesions in the duodenum detected multiple shallow ulcers with various degrees of elevation and color from the duodenum to the jejunum ([Fig. 3](#F3){ref-type="fig"}). Endoscopic ultrasonography of the elevated lesions and shallow ulcers revealed hypoechoic thickening of the mucous and the submucosal layers ([Fig. 4](#F4){ref-type="fig"}), and capsule endoscopy detected multiple shallow ulcers limited to the duodenum and the jejunum ([Fig. 5](#F5){ref-type="fig"}).

Histological examination of the duodenum and the jejunum revealed amorphous, pink deposits in the lamina propria ([Fig. 6A](#F6){ref-type="fig"}), and positive Congo red staining with salmon-colored deposits ([Fig. 6B](#F6){ref-type="fig"}). Apple-green birefringence was evident using polarizing microscopy ([Fig. 6C](#F6){ref-type="fig"}), and the patient was diagnosed with amyloidosis. According to the results of immunohistochemical tests, deposits of amyloid were positive for amyloid P and amyloid lambda, but negative for amyloid A. Therefore, the deposits of amyloid were considered to be indicative of amyloid light-chain (AL) amyloidosis. Additional biopsies of the esophagus, stomach, and terminal ileum were conducted and no abnormalities were detected.

A small bowel series to assess the amyloidosis invasion area did not show any abnormalities. In immunoserological tests, the rheumatic factor, antinuclear antibody, and anti CCP results were negative, and the IgG level was normal at 1,022 mg/dL (reference range 408-1,788 mg/dL). Immunoelectrophoresis to detect any abnormalities of plasma cells showed that the free kappa light chain level was normal at 8.23 mg/L (reference range 3.3-19.4 mg/L). Although the lambda light chain level was slightly high at 29.58 mg/L (reference range 5.71-26.3 mg/L), the kappa/lambda ratio was normal at 0.28 (reference range 0.26-1.65).

Protein electrophoresis and immunoelectrophoresis of serum and urine found no abnormalities, and a bone marrow biopsy also showed no abnormalities. Additionally, echocardiography did not detect any abnormalities and PET did not find abnormal 18F-fluorodeoxyglucose (FDG) uptake.

Based on these collective findings, the patient was diagnosed with localized AL amyloidosis in the small intestine. He was followed-up for 12 months as an outpatient prescribed 7.5 mg/day prednisolone and had no complications.

DISCUSSION
==========

Depending on the biochemical characteristics of the precursor proteins forming the amyloids, amyloidosis can be categorized into primary amyloidosis (AL amyloidosis) associated with immunoglobulin light chains, secondary amyloidosis (AA amyloidosis) due to the presence of amyloid A proteins associated with chronic inflammation, and dialysis-related amyloidosis characterized by the deposition of beta-2-microglobulin associated with dialysis. Additionally, there are other categories of amyloidosis, including senile systemic amyloidosis related to transthyretin, and genetic amyloidosis.[@B1]

Although invasion of the gastrointestinal tract was reported in 60% of AA amyloidosis cases,[@B2] it was found to be rare in cases of AL amyloidosis with symptoms (1%).[@B3] The invasion of the small intestine from the gastrointestinal tract was frequently observed,[@B4] but has been regarded as difficult to diagnose due to the wide variation in symptoms observed based on the sites that have been invaded.

Amyloidosis in the small intestine can be accompanied by various symptoms. Deposition on vascular walls can lead to thickening, and deposition in blood vessels can provoke intestinal ischemia or mesenteric infarction. Furthermore, invasion in the muscularis mucosae can trigger gastrointestinal motility disorder. The main clinical symptoms of amyloidosis are diarrhea, steatorrhea, protein loss and malabsorption, and hemorrhage. Additional symptoms include mesenteric infarction, as well as ileus and intestinal perforation. Although liver invasion is common, symptoms are generally mild and similar to those observed for hepatomegaly. An increased alkaline phosphatase level is most frequently observed in liver function test.[@B5]

Amyloidosis in the gastrointestinal tract can be associated with various endoscopic findings. Elevated lesions or significant mucosal folds are common for AL amyloidosis and are attributable to invasion into the mucous or the submucosal layer, or the muscularis propria. For AA amyloidosis, the deposition of granules results in fine granular lesions, or erosion or vulnerability of the mucous layer. These differences result in constipation, intestinal obstruction, and intestinal pseudo-obstruction as common symptoms of AL amyloidosis, and diarrhea or malabsorption as common symptoms of AA amyloidosis.[@B6] The patient in this case also showed various endoscopic findings ranging from elevated to erosive lesions.

To confirm amyloidosis, a direct biopsy of invaded lesions or a biopsy of subcutaneous fats or the bone marrow should be conducted. Decisions regarding the sites selected to obtain biopsy specimens should depend on accessibility to lesions and complications such as hemorrhage.

Although biopsies of the rectum or subcutaneous fats are performed frequently to avoid adverse events, biopsies of the lesions in the mucous layer are necessary due to a high level of sensitivity for gastrointestinal amyloidosis.[@B7] As amyloids are well-deposited on the vascular walls of the lamina propria, biopsy specimens should include sufficient amounts of the lamina propria. In this case, the patient had lesions in the mucosal layer of the small intestine and also underwent biopsies of the esophagus, stomach, and the small intestine. Additional biopsies of other organs, such as the liver, were not conducted due to a lack of abnormalities in liver function tests and abdominal CT.

Endoscopic ultrasonography and narrow band imaging can be helpful in diagnosing gastrointestinal amyloidosis. As seen in the patient in this case, thickening of the mucosal and the submucosal layers, as well as top layer loss, have been observed using endoscopic ultrasonography in patients with amyloidosis.[@B8],[@B9] Additionally, ulcers surrounded by a greenish gray mucosal layer without an abnormal blood pattern have been found using narrow band imaging.[@B9] When amyloids invade the small intestine, lesions are observed most clearly through radiological imaging.[@B10] In abdominal CT, thickening or distention of the tract may be seen, however, abnormalities of the mesentery have rarely been observed.[@B11] Although previous studies have reported that increased FDG uptake during PET was observed for localized amyloidosis and primary amyloidosis,[@B12],[@B13] others, including the present case, have not found such an increase for localized small intestine amyloidosis. Therefore, prospective studies are needed.[@B14],[@B15]

If amyloidosis is diagnosed, immunohistochemical tests or immunofluorescence microscopy should be performed to determine the subtype. Positive kappa or lambda light chain staining are indicative of primary amyloidosis and positive amyloid A staining indicates secondary amyloidosis. As all subtypes of amyloidosis show a positive result for amyloid P staining, this stain may be helpful in diagnosing amyloidosis. As the patient in this case showed positive results in lambda light chain and amyloid P staining, he was diagnosed with primary amyloidosis.

Primary systemic amyloidosis can only be diagnosed when a general symptom related to amyloids, such as amyloids observed using Congo red staining or electron microscopy, or the formation of light chains and monoclonal plasma cell proliferative disorder, are present. Furthermore, monoclonal plasma cell proliferation disorder can be confirmed when either M proteins are detected in the serum or urine, an abnormal free light chain ratio is observed, or when monoclonal plasma cells are observed during a bone marrow examination.[@B16],[@B17] Conversely, most patients with localized amyloidosis do not show monoclonal Ig and amyloid infiltration limited to a single organ. The patient in this case also did not have monoclonal plasma cell proliferation disorder, and his lesions were limited to the small intestine.

The therapeutic goal in the treatment of primary amyloidosis is to cure an underlying disease and to control symptoms. Steroids or chemical therapy to reduce the formation of Ig light chains are often used. In some cases, bone marrow transplantation after high-dose chemical therapy is conducted. However, light chains shown in localized amyloidosis patients are limited to lesions.[@B18] Therefore, systematic treatment is not needed and the prognosis is often quite good.

Localized small intestine amyloidosis can be difficult to diagnose due to a low incidence rate, non-specific symptoms, and failure to detect abnormalities using radiological imaging. As shown in this case, a close examination of the small intestine during upper gastrointestinal endoscopy or colonoscopy is necessary. If amyloidosis in the small intestine is not suspected, the necessary tests should be performed to either actively rule it out or to diagnose and differentiate it.
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![Upper endoscopic findings. Endoscopy revealed an elevated lesion with central erosion on the third portion of the duodenum.](ir-12-245-g001){#F1}

![Abdominal CT findings. Abdominal CT scan revealed haziness in the mesentery (arrows) without abnormal enhancement of wall thickening and dilatation of the small bowel.](ir-12-245-g002){#F2}

![Push enteroscopic findings. Endoscopy revealed (A) multiple shallow ulcers (white arrows) with broad bases and (B) discoloration of the jejunum (black arrow).](ir-12-245-g003){#F3}

![Endoscopic ultrasonography (EUS) findings. EUS revealed hypoechoic thickening of the muscularis mucosa on (A) a flat lesion with a shallow ulcer and (B) an elevated lesion. Submucosal thickening was present on the elevated lesion (C).](ir-12-245-g004){#F4}

![Capsule endoscopy (CE) findings. CE revealed (A) multiple shallow ulcers and (B) whitish plaque-like infiltration in the jejunum.](ir-12-245-g005){#F5}

![Histopathologic analysis. Microscopic findings revealed (A) the presence of amorphous eosinophilic material deposits in the lamina propria (×100), (B) salmon-colored deposits of amyloid using Congo red staining (×100), and (C) the apple-green color birefringence of the deposits using polarizing microscopy (×100).](ir-12-245-g006){#F6}
